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Introduction
Imidazole and its derivatives have attracted considerable interests in recent years for their versatile properties in chemistry and pharmacology. Imidazole is a nitrogen-containing heterocyclic ring with immense biological and pharmaceutical importance. Its derivatives possess extensive spectrum of biological activities such as antibacterial [1] [2] , anticancer [3] [4] [5] , antitubercular [6] [7] [8] [9] , antifungal [10] [11] [12] , analgesic [13] [14] [15] , and anti-HIV [16] activities.
Halogenated compounds containing the imidazole moiety have shown a wide spectrum of activity against many organisms [17] [18] [19] . Many drug substances, such as antimicrobial and anticancer drugs exhibit drug action through complexation with the available bio-metals in vivo [20] . Interaction of various metal ions with antibiotics may enhance or suppress their antimicrobial activity but usually in many cases, the pharmacological activity of antibiotics, after complexation with metals, is enhanced as compared to that of the free ligands [21] . Some inactive biological ligands developed good antimicrobial properties upon chelation [22] .
Reports on the biological activity of brominated imidazole and its complexes are scarce. In this study, 4,5-dibromoimidazole (DBI) would be synthesized and the biological activity of some of its complexes correlated with that of the pure compound.
II. Methodology
2.1 Synthesis of 4,5-dibromoimidazole 4,5-dibromoimidazole was synthesized by following the procedure by Stensio et al [23] with some modification. Imidazole (1.36 g) was added to a solution of sodium acetate (20 g) in acetic acid (180 ml) and stirred for 10 minutes to dissolve. Half the volume of bromine (9.6 g) in anhydrous acetic acid (20 ml) was then added and stirred for 20 minutes, giving a solution with pale yellow colour. Sodium acetate (5 g) was added to the solution with stirring, followed by the remaining portion of bromine in anhydrous acetic acid. Stirring was continued for 2.5 hours. The acetic acid was evaporated by heating to almost dryness and water (300 ml) was added. The mixture was filtered and the precipitate was washed with water and dried.
Preparation of 4,5-dibromoimidazole Metal Complexes
All the complexes were prepared using the same procedure. 1 mmole of each hydrated metal salt were dissolved in 2 ml of distilled water and added a drop at a time with continuous stirring to 2 mmoles of the DBI dissolved in 10 ml of acetone. The mixture was stirred at room temperature for half an hour and allowed to stand. The metal complexes which precipitated afterwards were filtered through sintered glass crucible, washed with cold water and dried under vacuum at 50 o C. The products were recrystallized with redistilled ethanol.
Characterization of Products
DBI and its transition metal complexes were characterized by FT-IR, mass spectral and nuclear magnetic resonance spectroscopy.
FT-IR spectra were obtained using KBr discs and Nujol mull techniques on IR Spectrophotometer FT-IR 8400S Shimadzu in the 4000-450 cm -1 range. The important IR bands indicating the formation of the compound and complexes were studied.
Mass spectra were obtained from Shimadzu LCMS-2010EV Liquid Chromatography Mass Spectrometer, ESI. NMR spectra were recorded in D 2 O and DMSO-d 6 , on a Varian 400-MR Magnetic Resonance Spectrometer.
Studies of Antimicrobial Activity of Products 2.4.1 Collection of Microbial Cultures
Pure clinical isolates of Streptococcus pyogenes, Staphylococcus aureus, Pseudomonas aeruginosa, Proteus spp, Aspergillus spp, Candida spp and Trichophyton spp were collected from the Microbiology Department of the Federal Medical Center Owerri, Imo State Nigeria. A microbial loop was used to remove a colony of each organism from the pure culture and transferred into liquid broth (Nutrient broth) and incubated for 24 hours at 37 o C. These were maintained in sterile conditions.
Determination of antimicrobial Activity of Ligand and its Complexes
Paper disc diffusion method was used for the determination of the antibacterial activity of the ligand and its complexes.
The equipments, petri dishes, flasks, pipettes, tweezers, forceps and wire loops were first thoroughly washed with detergent and distilled water then sterilized by dry heat method in a hot air oven at 200 °C for 2 hours. The sterilized equipments were kept under laminar air flow where subsequent procedure was completed. Other materials and media were sterilized by autoclaving at 120 °C for 20 minutes.
Solutions of the DBI and its complexes containing 200 mg/ml of each compound were prepared and absorbed on the paper disc prepared from Whatman filter papers (3mm size) with the help of a micropipette. The solutions were then serial diluted to obtain 100 mg/ml, 50 mg/ml and 25 mg/ml concentrations and each concentration applied on separate filter paper discs. These discs were left in an incubator for 24 hours at 37 °C. Antimicrobial activity of DBI and its metal complexes were determined separately. A sterilized forceps was used for the application of the paper discs with different concentrations of the prepared solutions on the already incubated agar plates. When the discs were applied, they were incubated at 37 °C for 24 hours. The diameter of inhibition zone was measured.
III. Results And Discussion
The product obtained had a mass of 3.6 g, which is equivalent to a yield of 64 % with a melting point ranging between 226-227 o C. The structure of DBI was supported by its mass spectrum which exhibited a molecular ion peak corresponding to the formula C 3 H 2 N 2 Br 2 (M + = 227) with the assumption that one of the bromine atoms is of the M+1 isotope. The other peak observed was m/z 199 and the remaining mass of 28 was supposed to have been lost as H 2 CN which is a common species eliminated in aromatic nitrogen heterocycles [24] . This assignment is shown in scheme 1.
Scheme 1: Fragmentation pattern of 4,5-dibromoimidazole
The colours of the products and their characteristic bands in the IR spectrum are shown in Table 1 . The frequencies 3464 cm -1 , 500 cm -1 , 1650 cm -1 , 1179 cm -1 and 1421 cm -1 observed in the scan were assigned to N-H, C-Br, C=N, C-N and C=C respectively and are the main functional groups in DBI. The marked difference in the absorbance value of DBI at 3464 cm -1 (N-H) when compared with those of its complexes is an indication that the N-H in the imidazole ring may be involved in the complexation. Table 2 and Table 3 . DBI showed very little and in some cases no activity against the bacteria and fungi strains used for the study. This shows that the compound has an insignificant medicinal value, which accounts for why it might not have been considered as a drug substance. It was totally rendered inactive upon complexation with Fe 2+ confirming the fact that some transition metals can reduce or remove the initial activity of a ligand compound complexed with them [21] .
However, on complexation with Cu 2+ and Cr 2+ at a concentration of 200 mg/ml, the activity of the compound was marginally increased with better activity shown against the bacteria strains than the fungi. With a drop in the concentration of these complexes to 50 mg/ml their activity became averagely similar to what was obtained in the uncomplexed form of the DBI.
The Co 2+ complex of the DBI greatly enhanced its activity against all the studied organisms except Proteus spp, only equaling the activity of the uncomplexed DBI at a very low concentration of 25 mg/ml. This complex also showed a fairly good activity against these organisms compared to the standard antibacterial drug levofloxacin. When measured against the antifungal drug ketoconazole which has an imidazole moiety in the compound, it showed a broader spectrum of activity and was more effective than the drug compound even at lower concentrations. This makes DBI Co 2+ complex a better and more effective antifungal agent than an antibacterial one.
IV. Conclusion
This study has shown 4,5-dibromoimidazole to be a weakly bioactive compound against the studied microbes. Its activity against the microbial strains can be increased or decreased depending on the type of transition metal used for its complexation. Its transition metal complexes were shown to be better antifungal agents than antibacterial when compared with known standard drug agents.
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